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(57) ABSTRACT

A data driving circuit includes a shift register unit and a level
shift unit. The level shift unit is electrically connected with
the shift register unit and a plurality of data lines, respectively.
The shift register unit receives a clock signal and at least one
input image signal, and generates an output image signal. The
level shift unit receives the output image signal, and generates
aplurality of display signals for outputting to the data lines. A
display apparatus and a control method thereof are also dis-
closed.
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DATA DRIVING CIRCUIT, DISPLAY
APPARATUS AND CONTROL METHOD OF
DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 U.S.C. §119(a) on Patent Application No(s).
097114941 filed in Taiwan, Republic of China on Apr. 23,
2008, the entire contents of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a data driving cir-
cuit, display apparatus, and control method of the display
apparatus.

[0004] 2. Related Art

[0005] The display apparatuses have been developed from
the traditional cathode ray tube (CRT) display apparatuses to
the liquid crystal display (LCD) apparatuses, organic light
emitting diode (OLED) display apparatuses, and e-paper dis-
play apparatuses. The greatly reduced size and weight have
made the present flat display apparatuses more advantageous
and widely used on communication, information, and con-
sumer electronic products.

[0006] FIG.11isaschematic view of a conventional display
apparatus 1, which is an LCD display apparatus as an
example. With reference to FIG. 1, the conventional display 1
includes a LCD panel 11 and a data driving circuit 12. The
data driving circuit 12 is electrically connected to the LCD
panel 11 through a plurality of data lines D01-D 0.

[0007] The data driving circuit 12 includes a shift register
unit 122, a first stage latch unit 123, a second stage latch unit
124 and a level shift unit 125. The shift register unit 122 is
electrically connected to the first stage latch unit 123, and the
second stage latch unit 124 electrically connects the first stage
latch unit 123 with the level shift unit 125.

[0008] FIG.2 is aclock control diagram of the data driving
circuit 12 of the conventional display apparatus 1. With ref-
erence to FIG. 2, the shift register unit 122 generates the shift
register signals SR1-SRN according to a start pulse signal
S01 and a clock signal CK, and transmits the shift register
signals SR1-SRN to the first stage latch unit 123.

[0009] The first stage latch unit 123 receives the shift reg-
ister signals SR1-SRN and receives an image signal S02
according to the shift register signals SR1-SRN. The image
signal S02 includes a plurality of image data and is stored in
the first stage latch unit 123. The image signal S02 is captured
for outputting to the second stage latch unit 124 according to
a latch enabling signal S03. The level shift unit 125 converts
the image signal S02, which is stored in the second stage latch
unit 124, into a display signal, and transmits the image signal
S02 to the LCD panel 11 for showing a display image through
the corresponding data lines D01-D0m.

[0010] However, since the current display apparatus tend to
be lighter, thinner, shorter, and smaller in size, the production
cost can be lowered with a decreased number of the compo-
nents while keeping the current display apparatus structure
and functions. Therefore, it is an important subject to provide

1. Field of Invention
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the data driving circuit, display apparatus, and control method
of the display apparatus with fewer components.

SUMMARY OF THE INVENTION

[0011] In view of the foregoing, the present invention is to
provide a data driving circuit, display apparatus, and a control
method of the display apparatus with fewer components.
[0012] The data driving circuit of the present invention is to
convert the input image signal into another format. The input
image signal includes the information or graphics displayed
on the display apparatus and the converted signal may
directly drive the pixel circuit of the display apparatus. In the
present invention, the data driving circuit may be a source
driving circuit or a column driving circuit.

[0013] To achieve the above, the present invention provides
a data driving circuit including a shift register unit and a level
shift unit. The shift register unit receives a clock signal and at
least one input image signals, and generates an output image
signal. The level shift unit is electrically connected to the shift
register unit and a plurality of data lines. The level shift unit
receives the output image signal and generates a plurality of
display signals to the data lines according to the output image
signal.

[0014] To achieve the above, the present invention is to
provide a display apparatus having a display panel and a data
driving circuit. The pixel arrangement on the display panel
may be a one-dimensional matrix or a two-dimensional
matrix. The data driving circuit is electrically connected to the
display panel through a plurality of data lines and has a shift
register unit and a level shift unit. The shift register unit
receives a clock signal and at least one input image signal, and
generates an output image signal. The level shift unit is elec-
trically connected to the shift register unit and a plurality of
data lines. The level shift unit receives the output image
signal, and generates a plurality of display signals for output-
ting to the display panel according to the output image signal.
[0015] To achieve the above, the present invention is to
provide a control method of a display apparatus that has a
display panel and a data driving circuit. The data driving
circuit includes a shift register unit and a level shift unit. The
control method of the display apparatus includes inputting a
clock signal and at least one input image signal to the shift
register unit; generating an output image signal to the level
shift unit by the shift register unit according to the input image
signal; and generating a plurality of display signals for out-
putting to the display panel by the level shift unit according to
the output image signal.

[0016] To achieve the above, the present invention is to
provide a data driving circuit including a shift register unit, a
level shift unit, and a sample-hold unit. The shift register unit
receives a clock signal and at least one input image signal, and
generates an output image signal. The level shift unit is elec-
trically connected to the shift register unit, receives the output
image signal, and generates a control signal according to the
output image signal. The sample-hold unit is electrically con-
nected to the level shift unit and a plurality of data lines,
receives the control signal and an input level signal, and
generates a plurality of display signals for outputting to the
data lines according to the control signal and the input level
signal.

[0017] To achieve the above, the present invention is to
provide a display apparatus including a display panel and a
data driving circuit. The pixel arrangement on the display
panel may be a one-dimensional matrix or a two-dimensional
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matrix. The data driving circuit is electrically connected to the
display panel through the data lines and has a shift register
unit, a level shift unit, and a sample-hold unit. The shift
register receives a clock signal and at least one input image
signals, and generates an output image signal. The level shift
unitis electrically connected to the shift register unit, receives
the output image signal, and generates a control signal
according to the output image signal. The sample-hold unit is
electrically connected to the level shift unit and a plurality of
data lines, receives the control signal and an input level signal,
and generates a plurality of display signals for outputting to
the display panel according to the control signal and the input
level signal.

[0018] To achieve the above, the present invention is to
provide a control method of a display apparatus, which has a
display panel and a data driving circuit. The data driving
circuit has a shift register unit, a level shift unit, and a sample-
hold unit. The control method of the display apparatus
includes inputting a clock signal and at least one input image
signal to the shift register unit; generating an output image
signal for outputting to the level shift unit by the shift register
unit according to the input image signal; generating a control
signal for outputting to the sample-hold unit by the level shift
unit according to the output image signal; and receiving an
input level signal and the control signal and generating a
plurality of display signals for outputting to the display panel
by the sample-hold unit according to the input level signal and
the control signal.

[0019] As described above, according to the data driving
circuit, display apparatus, and control method of the display
apparatus of the present invention, the data driving circuit
includes the shift register unit and level shift unit, and outputs
the plurality of display signals to the display panel. Compared
to the prior art, the data driving circuit and display apparatus
of'the present invention do not require the first stage latch unit
and the second stage latch unit to process the input image
signal. Thus, the data driving circuit, display apparatus, and
control method of the display apparatus may save spaces in a
product so to reduce the production cost.

BRIEF DESCRIPTION OF TH E DRAWINGS

[0020] The invention will become more fully understood
from the detailed description and accompanying drawings,
which are given for illustration only, and thus are not limita-
tive of the present invention, and wherein:

[0021] FIG.11isaschematic view of a data driving circuit of
a conventional display apparatus;

[0022] FIG.2 is aclock control diagram of the data driving
circuit of the conventional display apparatus;

[0023] FIG. 3 is a schematic view of a data driving circuit
according to a first embodiment of the present invention;
[0024] FIG. 4 is a clock control diagram of the data driving
circuit according to the first embodiment ofthe present inven-
tion;

[0025] FIG. 5 is a schematic view of a display apparatus
according to the first embodiment of the present invention;
[0026] FIG. 6 is a flow chart of a control method according
to the first embodiment of the present invention;

[0027] FIG. 7 is a schematic view of a data driving circuit
according to a second embodiment of the present invention;
[0028] FIG. 8 is a clock control diagram of the data driving
circuit according to the second embodiment of the present
invention;

[0029] FIG. 9 is a schematic view of the display apparatus
according to the second embodiment ofthe present invention;
and
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[0030] FIG. 10 is aflow chart ofa control method according
to the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The present invention will be apparent from the
following detailed description, which proceeds with refer-
ence to the accompanying drawings, wherein the same refer-
ences relate to the same elements.

First Embodiment

[0032] FIG. 3 is a schematic view of a data driving circuit
according to a first embodiment of the present invention. With
reference to FIG. 3, the data driving circuit 2 includes a shift
register unit 22 and a level shift unit 23. The level shift unit 23
electrically connects the shift register unit 22 with a plurality
of data lines D11-D1m, in which m is an integer greater than
1.

[0033] It is noted that the electrical connection herein may
be a direct electrical connection or an indirect electrical con-
nect, which is to electrically connect two elements by another
element (e.g. a buffer element).

[0034] The shift register unit 22 includes a plurality of
registers R1-Ri and receives at least one input image signal. In
the embodiment, the shift register unit 22 is electrically con-
nected to three input image signal lines IM1-IM3 for receiv-
ing three input image signals S11-S13 that form a display
image. The input image signals S11-S13 may be shown in
FIG. 4, where the input image signal S11 includes a plurality
of'image data A11-A1N, the input image signal S12 includes
a plurality of image data A21-A2N, and the input image
signal S13 includes a plurality of image data A31-A3N.
[0035] Meanwhile, the shift register unit 22 also receives a
clock signal CK. In the embodiment, the shift register unit 22
orderly receives input image signals S11-S13 during time
T01-T02 according to the clock signal CK.

[0036] The way that the shift register unit 22 receives the
input image signals S11-S13 is described in detail as follows.
The shift register unit 22 starts receiving the input image
signals S11-S13 responding to the clock signal CK at time
TO1. Firstly, after the shift register unit 22 receives the image
data A11, A21, and A31, the image data A11 is temporarily
stored in the register R1, the image data A21 is temporarily
stored in the register R2, and the image data A31 is tempo-
rarily stored in the register R3. With the clock signal CK, the
image data A11-A3N are orderly stored in the shift registers
R1-Ri.

[0037] Due to the output enabling signal OFE turns off the
level shift unit 23 during time T01-T02, the level shift unit 23
will not transform the data image A11-A3N of the registers
R1-Ri to the voltage value required by the corresponding data
lines D11-D1m, such that the data lines D11-D1m are at a
low-voltage or in a floating state.

[0038] FIG. 4 is a clock control diagram of the data driving
circuit according to the first embodiment ofthe present inven-
tion. As shown in FIG. 4, during time T02-T03 the clock
signal CK is at a fixed level such as a low voltage level, or is
at a high voltage level or in a floating state in different
embodiments, such that the shift register unit 22 stops the
movement in the registers R1-Ri. At this time, the shift reg-
ister unit 22 generates the output image signal to the level shift
unit 23 and the output image signal includes image data
A11-A3N. Voltage levels of the image data A11-A3N can be
separately adjusted by the level shift unit 23.

[0039] Meanwhile, compared to the clock signal CK, the
output enabling signal OE is at the high voltage level. Thus,
the level shift unit 23 receives the output enabling signal OF
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and converts the output image signal into the display signals
S21-S2m according to the output enabling signal OE. After
that, the display signals S21-S2m are outputted to the corre-
sponding data lines D11-D1m. The levels of the display sig-
nals S21-S2m vary depending on the desired images and not
limited to those shown in the figure.

[0040] FIG. 5 is a schematic view of a display apparatus
according to the first embodiment of the present invention.
With reference to FIG. 5, the display apparatus 3 according to
the first embodiment of the present invention includes a dis-
play panel 31 and a data driving circuit 32, which is electri-
cally connected to the display panel 31 through a plurality of
data lines D11-D1m. In the first embodiment, the display
panel 31 may be a non-volatile display panel, which is the
display panel 31 that has at least two steady states may main-
tain in the steady state for at least several tens milliseconds
after the power source is removed. In addition, the optical
modulating material of the display panel 31 may include an
electrophoretic solution, an electrowetting material, a choles-
terol liquid crystal, or a nematic liquid crystal. The display
panel 31 further includes at least one pixel (not shown) and
the pixel arrangement may be a one-dimensional matrix or a
two-dimensional matrix.

[0041] The shift register unit 322 and the level shift unit 323
of'the data driving circuit 32 have the same functions, circuits,
and movements as those of the shift register unit 22 and the
level shift unit 23 of the data driving circuit 2 in FIG. 3.
Therefore, a detailed description thereof will be omitted
herein.

[0042] At least a part of the shift register unit 322 and the
level shift unit 323 are disposed on an integrated circuit (IC)
chip by the single crystal semiconductor manufacturing pro-
cess or on the same substrate by the poly crystal manufactur-
ing process or amorphous manufacturing process, where the
amorphous manufacturing process may be an amorphous
silicon TFT manufacturing process or an organic TFT manu-
facturing process.

[0043] FIG. 6 is a flow chart of a control method according
to the first embodiment of the present invention. The control
method according to the first embodiment of the present
invention is applied to the display apparatus 3 in FIG. 5 and
includes steps W01 to W03.

[0044] Step W01 is to input a clock signal and at least one
input image signal to the shift register unit. Step W02 is to
generate an output image signal for outputting to the level
shirt unit by the shift register unit according to the input image
signal. Step W03 is to generate a plurality of display signals
for outputting to the display panel by the level shift unit
according to the output image signal.

[0045] The detailed description of the control method is
shown in FIGS. 3-5; therefore the description thereof will be
omitted herein.

Second Embodiment

[0046] The data driving circuit 2' of the present invention
further includes a sample-hold unit 24 other than the shift
register unit 22 and level shift unit 23 as described in the first
embodiment. At least a part of the sample-hold unit 24 is
produced by the single crystal manufacturing process, poly
crystal manufacturing process, or amorphous manufacturing
process. With reference to FIG. 7, the sample-hold unit 24
includes a plurality of switches Ta-Tm and receives an input
level signal SL. Each of the switches Ta-Tm is electrically
connected to the level shift unit 23 and the corresponding data
lines D11-D1m. In the second embodiment, the switches
Ta-Tm may be transistors, respectively.
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[0047] FIG. 8 is a clock control diagram of the data driving
circuit according to the second embodiment of the present
invention. With reference to FIG. 8, during time T11-T12, the
shift register unit 22 orderly receives input image signals
S11-S13 according to the clock signal CK, the image signals
S11-S13 includes the image data A11-A3N. At the same time,
the input enabling signal OF will turn off the level shift unit
23.

[0048] The clock signal CK is at a fixed level during time
T12-T13, such that the shift register unit 22 stops the shifting
movement in the registers R1-Ri. Meanwhile, the level shift
unit 23 receives the image data A11-A3N and generates the
control signal S31-S3m for outputting to the sample-hold unit
24 according to the output enabling signal OE.

[0049] The sample-hold unit 24 receives the control signals
S31 -S3m and the input level signal S and generates the
display signals S21-S2m for outputting to the data lines D11-
D1m according to the control signals S31-S3m and the input
level signal SL. A detail description of how the sample-hold
unit 24 will be described as follows.

[0050] The sample-hold unit 24 receives the input level
signal SL and includes a first level L1, a second level 1.2, and
a third level L3. In the embodiment, the input level signal SL.
has, for example but not limited to, the first level L1 during
time T11-T13, the second level .2 during time T13-T15, the
third level L3 during time T15-T17. The third level L3 is
between the first level L1 and the second level L2.

[0051] FIG. 8 is a clock control diagram of the data driving
circuit according to the second embodiment of the present
invention. As shown in FIG. 8, when the sample-hold unit 24
outputs the display signal S22 that has the first level L1,
during time T12-T13 the clock signal CK is at a fixed level
such as a low voltage level, and the output enabling signal OE
and the control signal S32 output a high voltage level to turn
on the switch Tb, so that the display signal S22 outputs the
first level L1.

[0052] When the sample-hold unit 24 outputs the display
signal S21 that has the second level .2, during time T14-T15
the clock signal CK is at a fixed level such as a low voltage
level, and the output enabling signal OF and the control signal
S31 output a high voltage level to turn on the switch Ta, so that
the display signal S21 outputs the second level L2.

[0053] When the sample-hold unit 24 is outputs the display
signal S2m that has the third level L3, during time T16-T17
the clock signal CK is at a fixed level such as a low voltage
level, and the output enabling signal OF and the control signal
S3m output a high voltage level to turn on the switch Tm, so
that the display signal S2m outputs the third level L3.
[0054] FIG. 9 is a schematic view of the display apparatus
according to the second embodiment of the present invention.
With reference to FIG. 9, the display apparatus 4 includes a
display panel 41 and a data driving circuit 42 that is electri-
cally connected to the display panel 41 through the data lines
D11-D1m. The shift register unit 422, level shift unit 423, and
sample-hold unit 424 of the data driving circuit 42 have the
same functions, circuits and movements as those of the shift
register unit 22, level shift unit 23, and sample-hold unit 24 of
the data driving circuit 2' as shown in FIG. 7. Therefore a
detailed description thereof will be omitted herein.

[0055] FIG. 10 is aflow chart ofa control method according
to the second embodiment of the present invention. With
reference to FIG. 10, the control method of the second
embodiment is applied to the display apparatus 4 in FIG. 9
and includes steps W11 to W14.

[0056] Step W11 is to input a clock signal and at least one
input image signal to the shift register unit. Step W12 is to
generate an output image signal for outputting to the level
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shift unit in accordance with the input image signal. Step W13
is to output a control signal to the sample-hold unit by the
level shift unit according to the output image signal. Step
W14 is to receive an input level signal and the control signal,
and generate a plurality of display signals for outputting to the
display panel by the sample-hold unit in accordance with the
input level signal and control signal.

[0057] The control method has been described in the above-
mentioned embodiment, thus a detailed description thereof'is
omitted.

[0058] To sum up, according to the data driving circuit,
display apparatus, and control method of the display appara-
tus of the present invention, the data driving circuit includes
shift register unit and level shift unit and outputs the display
signals to the display panel. Compared to the prior art, the
data driving circuit and the display apparatus of the present
invention do not need a latch unit to process the input image
signals so as to save spaces in a product and reduce the
production cost.

[0059] Although the invention has been described with ref-
erence to specific embodiments, this description is not meant
to be construed in a limiting sense. Various modifications of
the disclosed embodiments, as well as alternative embodi-
ments, will be apparent to persons skilled in the art. It is,
therefore, contemplated that the appended claims will cover
all modifications that fall within the true scope of the inven-
tion.

What is claimed is:

1. A data driving circuit, comprising:

a shift register unit receiving a clock signal and at least one
input image signal, and generating an output image sig-
nal; and

a level shift unit electrically connected to the shift register
unit and a plurality of data lines for receiving the output
image signal and generating a plurality of display sig-
nals for outputting to the data lines.

2. The data driving circuit according to claim 1, wherein
the output image signal comprises a plurality of image data
and the shift register unit receives the image data orderly.

3. The data driving circuit according to claim 1, wherein
the level shift unit adjusts a voltage level of the output image
signal.

4. The data driving circuit according to claim 1, wherein
the level shift unit further receives an output enabling signal
and outputs the display signals to the data lines in accordance
with the output enabling signal.

5. A data driving circuit, comprising:

a shift register unit receiving a clock signal and at least one
input image signal and generating an output image sig-
nal;

a level shift unit electrically connected to the shift register
unit for receiving the output image signal and generating
a control signal in accordance with the output image
signal; and

a sample-hold unit electrically connected to the level shift
unit and a plurality of data lines for receiving the control
signal and an input level signal and generating a plurality
of display signals for outputting to the data lines in
accordance with the control signal and the input level
signal.

6. The data driving circuit according to claim 5, wherein

the input image signal comprises a plurality of image dataand
the shift register unit receives the image data orderly.
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7. The data driving circuit according to claim 5, wherein
the level shift unit adjusts a voltage level of the output image
signal.

8. The data driving circuit according to claim 5, wherein
the level shift unit further receives an output enabling signal
and outputs the control signal to the sample-hold unit in
accordance with the output enabling signal.

9. A display apparatus, comprising:

a display panel; and

a data driving circuit electrically connected to the display
panel through a plurality of data lines, the data driving
circuit comprising:

a shift register unit receiving a clock signal and at least one
input image signal and generating an output image sig-
nal,

a level shift unit electrically connected to the shift register
unit for receiving the output image signal and generating
a control signal in accordance with the output image
signal, and

a sample-hold unit electrically connected to the level shift
unit and a plurality of data lines for receiving the control
signal and an input level signal, and generating a plural-
ity of display signals for outputting to the display panel
in accordance with the control signal and the input level
signal.

10. The display apparatus according to claim 9, wherein the
input image signal comprises a plurality of image data and the
shift register unit receives the image data orderly.

11. The display apparatus according to claim 9, wherein the
level shift unit adjusts a voltage level of the output image
signal.

12. The display apparatus according to claim 9, wherein the
level shift unit further receives an output enabling signal and
generates the control signal in accordance with the output
enabling signal.

13. The display apparatus according to claim 9, wherein the
display panel is a non-volatile display panel.

14. A display apparatus, comprising:

a display panel; and

a data driving circuit electrically connected to the display
panel through a plurality of data lines, the data driving
circuit comprising:

a shift register unit receiving a clock signal and at least one
input image signal and generating an output image sig-
nal, and

a level shift unit electrically connected to the shift register
unit and the display panel for receiving the output image
signal and generating a plurality of display signals for
outputting to the display panel.

15. The display apparatus according to claim 14, wherein
the input image signal comprises a plurality of image data and
the shift register unit receives the image data orderly.

16. The display apparatus according to claim 14, wherein
the level shift unit adjusts a voltage level of the output image
signal.

17. The display apparatus according to claim 14, wherein
the level shift unit further receives an output enabling signal
and outputs the display signals to the display panel in accor-
dance with the output enabling signal.

18. A control method of a display apparatus having a dis-
play panel and a data driving circuit, wherein the data driving
circuit has a shift register unit and a level shift unit, the control
method comprising the steps of:
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inputting a clock signal and at least one input image signal

to the shift register unit;

generating an output image signal for outputting to the

level shift unit by the shift register unit in accordance
with the input image signal; and

generating a plurality of display signals for outputting to

the display panel by the level shift unit in accordance
with the output image signal.

19. The control method according to claim 18, wherein the
input image signal comprises a plurality of image data orderly
inputted to the shift register unit.

20. The control method according to claim 18, further
comprising a voltage level of the input image signal adjusted
by the level shift unit.

21. The control method according to claim 18, further
comprising:

inputting an input enabling signal to the level shift unit; and

outputting the display signals to the display panel by the

level shift unit in accordance with the output enabling
signal.

22. A control method of a display apparatus having a dis-
play panel and a data driving circuit, wherein the data driving
circuit has a shift register unit, a level shift unit, and a sample-
hold unit, the control method comprising the steps of:
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inputting a clock signal and at least one input image signals

to the shift register unit;

generating an output image signal to the level shift unit by

the shift register unit in accordance with the input image
signal;

outputting a control signal to the sample-hold unit by the

level shift unit in accordance with the output image
signal; and

receiving an input level signal and the control signal, and

generating a plurality of display signals for outputting to
the display panel by the sample-hold unit in accordance
with the input level signal and the control signal.

23. The control method according to claim 22, wherein the
input image signal comprises a plurality of image data orderly
inputted to the shift register unit.

24. The control method according to claim 22, further
comprising a voltage level of the input image signal adjusted
by the level shift unit.

25. The control method according to claim 22, further
comprising:

inputting an input enabling signal to the level shift unit; and

outputting the control signal to the sample-hold unit by the

level shift unit in accordance with the output enabling

signal.



